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(54) FILM THICKNESS MEASURING METHOD 

(57)Abstract: 

PURPOSE: To allow measurement of microarea by storing a noise 
output signal to be generated from a light receiving element when a 
stage for mounting a thin film is blackened and then irradiated with 
white light thereby canceling optical noise in a fdm thickness measuring 
apparatus. 

CONSTITUTION: A stage is covered with a black cloth and a white light 
source 1 is lighted. Light emitted from the light source 1 passes 
through a lens 2 and an objective lens 6 and impinges on the black 
cloth which does not reflect the light toward a photoelectric converting 
element 14. But flare caused by scattering or reflection at respective 
parts of an optical system constituting a film thickness measuring 
apparatus passes through a lens 8, a polarizer, and the like and 
impinges on the element 14 to produce noise output. The noise output 
signal is measured and stored in a storing/operating unit 1 5. A thin film 
is then mounted at a predetermined position on the stage and the light 
source 1 is lighted. Subsequently, output signal from the element 14 is 
measured and fed to the unit 15 where the quantity of light is 
corrected according to measurements previously stored therein thus 
producing a corrected quantity of light for each wavelength. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the thickness-measurement method which measures thickness by carrying out the spectrophotometry of the 
interference reflected light of the white light irradiated by the thin film Where the portion on the stage in which the 
aforementioned thin film is laid is beforehand made dark, when the aforementioned white light is irradiated, The thickness- 
measurement method characterized by memorizing the noise output signal which a photo detector generates for the storage 
means, computing a spectral reflectance by subtracting the aforementioned noise output signal from the measurement 
output signal which the aforementioned photo detector generates at the time of spectrophotometry, and measuring 
thickness. 

[Claim 2] In the thickness-measurement method which measures thickness by carrying out the spectrophotometry of the 
interference reflected light of the white light irradiated by the thin film Where the portion on the stage in which the 
aforementioned thin frlm is laid is beforehand made dark, when the aforementioned white light is irradiated, Where a quantity 
of light monitor is installed in the portion on the noise output signal which a photo detector generates, and the stage in which 
the aforementioned thin film is laid, when the aforementioned white light is irradiated, The ratio with the monitor output 
signal which a photo detector generates is memorized for the storage means. The thickness-measurement method 
characterized by computing a spectral reflectance by subtracting the value which multiplied by the monitor output signal 
which the aforementioned photo detector generates where a quantity of light monitor is installed in the aforementioned 
position at the time of the aforementioned ratio and measurement from the measurement output signal which the 
aforementioned photo detector generates, and measuring thickness at the time of spectrophotometry. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the thickness-measurement method which measures the thickness by 
carrying out the spectrophotometry of the interference light of thin films, such as an oxide film which started the thickness- 
measurement method, especially was formed on the semiconductor substrate. 
[0002] 

[Description of the Prior Art] In recent years, semiconductor devices, such as LSI, have been integrated highly remarkably. 
The degree of integration of this semiconductor device is dependent on the thickness of thin films, such as an oxide film 
formed by each manufacturing process, and in order to attain high integration, the need of carrying out thickness 
management of a thin film in a high precision has been increasing increasingly. As the thickness-measurement method of 
performing this kind of optical thickness measurement, it asks for the spectral reflectance of the thin film used as the 
measuring object conventionally, extremal value (maximal value or minimal value) is computed from the obtained spectral- 
reflectance curve, and the method of computing a thickness value is used from the wavelength which obtains the extremal 
value, and the refractive index. 

[0003] This kind of the thickness-measurement method irradiated drawing of a sample side and a conjugate position to the 
white light at the through sample, and has led the reflected light to the spectroscope through drawing of a sample side and a 
conjugate position. In measuring a detailed field, it corresponds by extracting drawing by the side of light-receiving. 
[0004] Before passing along such optical system, it reflects by the optical surface with a part of various incident rays etc., 
and noise is made by reaching a detector. In order to decrease noise conventionally, generating of noise was reduced 
equivalent to drawing by the side of light-receiving of drawing by the side of irradiation, or by enlarging a little and shading 
the light without regards to measurement. 
[0005] 

[Problem(s) to be Solved by the Invention] however — although noise can be reduced by the above-mentioned method, 
since elimination is completely impossible — the right spectrum — there was a trouble that an on-the-strength curve could 
not be obtained Furthermore, there was a problem that it could not measure while observing the whole surface of a sample, 
since the field to irradiate is narrow. 

[0006] this invention aims at offer of the thickness-measurement method which can measure a minute field, eliminating the 
noise (FUREA) of the light in thickness-measurement equipment, and observing the whole surface of a sample in view of 
such a trouble. 
[0007] 

[Means for Solving the Problem] In the thickness-measurement method which this invention irradiates the white light at the 
thin film of the measuring object, and carries out the spectrometry of the reflective interference tight of a thin film, measures 
the spectral reflectance in the predetermined wavelength range, and calculates the thickness of a thin film Where the portion 
on the stage in which a thin film is laid is beforehand made dark, when the white light is irradiated, a measurement output 
signal to the noise output signal which memorizes the noise output signal which a photo detector generates for the storage 
means, and a photo detector generates at the time of spectrophotometry — reducing — a predetermined spectrum it is 
the thickness-measurement method which computed the tight curve 

[0008] Moreover, irradiate the white light at the thin film of the measuring object, carry out the spectrometry of the 
reflective interference light of a thin film, measure the spectral reflectance in the predetermined wavelength range, and it 
sets to the thickness-measurement method which calculates the thickness of a thin film. Where the portion on the stage in 
which a thin film is laid is beforehand made dark, when the white light is irradiated. Where a quantity of light monitor is 
installed in the portion on the noise output signal which a photo detector generates, and the stage in which a thin film is laid, 
when the white light is irradiated, The ratio with the monitor output signal which a photo detector generates is memorized for 
the storage means, the value which multiplied by the monitor output signal which a photo detector generates where a 
quantity of light monitor is installed in a position at the time of a ratio and measurement from the measurement output signal 
which a photo detector generates at the time of spectrophotometry — reducing — a predetermined spectrum — the 
thickness-measurement method characterized by computing a light curve is also desirable 
[0009] 

[Function] Where the portion on the stage in which a thin film is laid is made dark, when the white light is irradiated 
according to this invention, the noise output signal which a photo detector generates can be measured, and amendment can 
be added. 

[0010] Moreover, when a quantity of light monitor is used and the white light is irradiated in this state, without only reducing 
the noise output signal which a photo detector generates as it was when the white fight is irradiated, where the portion on 
the stage in which a thin film is laid is made dark, the noise output signal which a photo detector generates can be measured, 
and amendment can also be added using both ratio. 

[0011] In the case of the thickness-measurement equipment which has the function which acts to the interior of thickness- 
measurement equipment as the monitor of the quantity of light of the light source, and the thickness-measurement 
equipment which it does not have, it divides, and measurement of each output signal value used for the amendment and 
amendment by these this inventions is explained. When it does not have a quantity of light monitor, it is in the state which 



made dark first the portion on the stage in which this thin film is laid, and the light source is turned on. the noise output 
signal which rotates a diffraction grating and a photo detector generates over full wave length is measured, and it is Iflare.i 
about the measured value in this state. It carries out And this is memorized. Subsequently, a thin film is set as a 
predetermined position, the measurement output signal which a photo detector receives and is generated is measured, and it 
is Imeasurej about the measured value in this state. It carries out. The amended quantity of light Ii which carried out the 
normal mode rejection It is expressed with the following formula. 
D =Imeasure j-Iflarej .... (formula 1) 

[0012] The noise output signal which a photo detector generates where the portion on the stage in which a thin film is 
beforehand laid like the above-mentioned is made dark when it has a quantity of light monitor is measured, and it is Iflare.i 
about the measured value in this state. It carries out. Subsequently, a quantity of light monitor is set as the position on the 
stage in which a thin film is laid, and a photo detector measures the measurement output signal received and generated, and 
sets measured value in this state to ImonitorO.i. and both ratio — Iflare.i/ImonitorO.i is calculated and memorized When 
actually measuring thickness, the direct front stirrup of measurement is set as the position on the stage in which a thin film 
is laid in a quantity of light monitor immediately after, measures the measurement output signal which a photo detector 
receives and is generated, and sets measured value in this state to ImonitorU. Subsequently, a thin film is set as a 
predetermined position, the measurement output signal which a photo detector receives and is generated is measured, and it 
is Imeasure.i about the measured value in this state. It carries out. The amended quantity of light Ii which carried out the 
normal mode rejection It is expressed with the following formula. 
Ii =Imeasure -i-[Iflare.i/Imonitor0.i] and Imonitorl .i .... (formula 2) 
[0013] 

[Example] One example of the thickness-measurement method concerning this invention is explained with reference to 
drawing 1 and drawing 2 . drawing ,! ~ a spectrum — a spectrum when it is drawing showing an on-the-strength curve and, 
as for (a), noise is intermingled from a thin film to the reflected light — an on-the-strength curve and (b) — the spectrum of 
only noise — the spectrum of the reflected light from an on-the-strength curve and the thin film which (c) amended noise 
and was removed — it is an on-the-strength curve Drawing 2 is the system configuration view of one example of the 
thickness-measurement equipment adapting the thickness-measurement method concerning this invention. On Stage T, the 
samples S, such as a substrate, are usually laid, and test-section grade is positioned by the position. It is reflected by the 
one-way mirror 7 arranged on an optical axis through a lens 2, drawing 3, a lens 4, and drawing 5. and the light emitted from 
the white light source 1 illuminates the sample S laid on Stage T through an objective lens 6. And incidence of the light 
reflected from the sample side is again carried out to an objective lens 6, it penetrates a one-way mirror 7. and converges it 
on the entrance slit 11 formed in the light sensing portion of a spectroscope through a lens 8, drawing 9, and a lens 10. It 
reflects by the mirror M2. and incidence of the light which passed the entrance slit 1 1 is carried out to a diffraction grating 
13. the spectrum of it is carried out and it carries out incidence to an optoelectric transducer 14. This optoelectric 
transducer 14 is CCD, photo electric translation is performed, and the electrical signal corresponding to optical 
predetermined intensity distribution is outputted. An electrical signal displays a thickness value on display 16 after an 
operation with storage and an arithmetic unit 15. 

[0014] Next, operation which adds amendment to the measurement when not having a quantity of light monitor with such 
thickness-measurement equipment is explained. It covers with the black cloth which absorbs light and does not reflect Stage 
T, and the white light source 1 is turned on. Although incidence of the light emitted from the white light source 1 is carried 
out to a lens 2 and it irradiates black cloth through an objective lens 6, since it is absorbed with black cloth and does not 
reflect, incidence of it is again carried out to an objective lens 6, and it does not carry out incidence to an optoelectric 
transducer 14 through a lens 8, a spectroscope, etc. However, in each portion of the optical system which constitutes 
thickness-measurement equipment, there is flare light by dispersion or reflection, this carries out incidence to a lens 8, 
incidence is carried out to an optoelectric transducer 14 through a spectroscope etc., and a noise output occurs. The noise 
output signal which rotates the diffraction grating 13 of a spectroscope and an optoelectric transducer 14 generates overfull 
wave length is measured, and it is Iflare.i about this measured value. It considers as correction value, inputs into storage and 
an arithmetic unit 15, and memorizes. 

[0015] Subsequently, a thin film S is laid in the predetermined position on Stage T, the white light source 1 is turned on, the 
output signal which an optoelectric transducer 14 generates over full wave length similarly is measured, and it is measured- 
value Imeasure.i. It inputs into storage and an arithmetic unit 15. Quantity of light Ii Measured-value Iflare.i which has 
memorized measured-value Imeasure.i to storage and the arithmetic unit 15 previously It amends and is computed for every 
wavelength according to a formula 1. 
Ii =Imeasure .Hflare.i .... (formula 1) 

the spectrum with which the thickness value is beforehand memorized to storage and the arithmetic unit 15 — the well- 
known formula which asks for thickness from an on-the-strength curve — following — the quantity of light Ii of each 
wavelength By substituting, it is computed and is displayed on display 16. measured-value Imeasure.i a spectrum when noise 
is intermingled from the thin film shown in drawing 1 (a) to the reflected light — an on-the-strength curve — corresponding 
— measured-value Iflare.i the spectrum of only the noise shown in drawing 1 (b) — the spectrum of the reflected light from 
the thin film which amended and removed the noise shown for corresponding to an on-the-strength curve — it corresponds 
to the on-the-strength curve 

[0016] The temperature of the environment where the size of a noise output changed with temperature, humidity, etc., and 
equipment was placed, humidity, etc. change with time. For this reason, since correction value changes with time, it is Iflare.i 
for every thickness measurement. Measuring is desirable. 

[0017] Next, operation which adds amendment to the measurement in the case of having a quantity of light monitor with 
such thickness-measurement equipment is explained. The quantity of light monitor unit 17 shown in drawing 2 can be 
interexchangeably attached in the main part of thickness-measurement equipment with an objective lens 6, and has become 
lens 17a from mirror 17b under it. The noise output signal in which light is covered with the black cloth which is not absorbed 
and reflected, and an optoelectric transducer 14 generates Stage T over full wave length is measured like the time of not 
having a quantity of light monitor probably, and it is Iflare.i about this measured value. It inputs into storage and an arithmetic 
unit 15, and memorizes. 

[0018] Subsequently, an objective lens 6 is demounted, it exchanges for the quantity of light monitor unit 17, and the white 
light source 1 is turned on. Incidence of the light emitted from the white light source 1 is carried out to a lens 2. in mirror 



17b, it reflects through lens 17a, and incidence of it is again carried out to lens 17a, and it carries out incidence to an 
optoelectric transducer 14 through a lens 8, a spectroscope, etc. The output signal which an optoelectric transducer 14 
generates over full wave length is measured, and measured-value ImonitorO.i is inputted into storage and an arithmetic unit 
15. And both ratio Iflare.i/ImonitorO.i It calculates and memorizes with storage and the arithmetic unit 15. 
[0019] When actually measuring the thickness of a thin film S, in advance of the measurement, an output signal is measured 
using the quantity of light monitor unit 17, and measured-value ImonitorU is inputted into storage and an arithmetic unit 15, 
and is memorized. 

[0020] Subsequently, a thin film S is laid in the predetermined position on Stage T, the white light source 1 is turned on, the 
output signal which an optoelectric transducer 14 generates over full wave length similarly is measured, and it is measured- 
value Imeasure.i. It inputs into storage and an arithmetic unit 15. Quantity of light Ii Measured-value Imeasure.i Ratio which 
uses measured-value ImonitorU measured in advance of measurement using the quantity of light monitor unit 17, and asks 
for beforehand and which has been memorized to storage and the arithmetic unit 15 Iflare.i/ImonitorO-i It amends and is 
computed for every wavelength according to a formula 2. 
Ii =Imeasure J-[Iflare.i/Imonitor0.i] and Imonitorl .i .... (formula 2) 

the spectrum with which the thickness value is beforehand memorized to storage and the arithmetic unit 15 — the well- 
known formula which asks for thickness from an on-the- strength curve — following — the quantity of light Ii of each 
wavelength By substituting, it is computed and is displayed on display 16. 

[0021] The temperature of the environment where the size of a noise output changed with temperature, humidity, etc., and 
equipment was placed, humidity, etc. change with time. However, ratio Since Iflare.i/ImonitorO.i is the ratio of the measured 
value of the period, its change by environmental influence is small, moreover, the black cloth which absorbs light and does 
not reflect Stage T — covering — Iflare.i using an objective lens 6 and the quantity of light monitor unit 17 which can carry 
out compatibility easily, although measuring must prepare black cloth each time — rather — ** — it is not troublesome 
[0022] In order to decrease noise according to this example, it extracts as the drawing 3 by the side of irradiation, and it can 
enlarge a little, and it is unnecessary that it is [ of shading the light without regards to measurement ] equivalent to the 
drawing 9 by the side of light-receiving of 5, and it can set up the size of each drawing according to the object of 
measurement. When measuring a detailed field, it is unnecessary to extract drawing by the side of light-receiving. 
[0023] 

[Effect of the Invention] While the noise (FUREA) of the light in thickness-measurement equipment is eliminated and the 
whole surface of a sample observes by this invention, measurement of a minute field is attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] a spectrum when, as for (a), noise is intermingled from a thin film to the reflected light — it is an on-the- 
strength curvilinear **** view (b) — the spectrum of only noise — it is drawing showing an on-the-strength curve the 
spectrum of the reflected light from the thin film which (c) amended noise and was removed — it is drawing showing an on- 
the-strength curve 

[Drawing 2] It is the system chart of the thickness-measurement equipment which applied this invention. 
[Description of Notations in the Main Part] 
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feJfcttV >'X 2 {I AM U Mill' >X 6 4tf- bMO*s;4 
HITratf, M^^TPRJR$aTKIfb%V>^?>^tll/ 
>X6t^JSAWbl^>X8, ^*»*4^bT*«* 
1 4 CAihra d fcttfc^. b A> blRgtt££8 

*Kij«'rs***©»»«-Tfi4f[sa i ^fiitc«t*7i/r 

bTftSg&sft^l 4CAItU Jt^ffl^^fs^-rs. 
##;§§© [hUt*^ 1 3 4liSbT4:SftCt>feoT^« 

«»«?i4W84i-a*«ia*fi^4«isu c©« 

[0 0 15] &Vv?fcES4Xx-S>T±©df;g©Bfc 
til, eft*Bl**ffbTx N«tC^«fitfcfe^ 

-r*«*m« ; Fi4flHB5^-r4iB»fli^*a«u sis 

BI,«».i*E*-«[|H5B15CA*rs. 
I ,• ti, BSB I«.„ t .i*ftCIBll ■ *#^g 1 5 
CBttbTfcSBJgBInare.1 fc£0*IIEbt\ SCI 

cfieoT#«ftri:t#tB$na. 

. . . (AD 

[0 0 1 6] »^ffl*©*£;*ttSjaL fiJK^HJ;oT 

*flsb, sfc«B0B*>*i3fe3»»©fijex at^ra 

4:fc*fc«fl;t5. c:0fe«)tiiE{gtfKF^fci:*^gft 
T5^P^, «*B«JrttIii iI ».i 4a*£T5©#M 
* bV^o 

[0 0 17] «Ci©J;54RJP«SJItB-C> ^S^- 

^'-**■r5»&©B3^clliE*^oi*»ffcov^rltl 

B^ra» H2C^-r*B : E=^-J.= 5' b 1 7tt»«l/ 
>X 6 J:S*WCKJPiBS*B©**tHlWlt "ItfeT, 



WPBT 0 — 1 1 I O 3 O- 



***E=*-*£Uftv^§i:HaCx x?-s>t* 
co»€ji* i fl ».i £§e« • m»mm 1 5 tx* 

[0 0 18] #OT-#®l/>X6£&ftb;)fe^E^- 

®1^5>aW^ixfe*l±b>X2k:Aitb, U>X17 
a*^lyil7bttW£»L l/>X17aCSfi 

Aitbi/>X8, ^fesHft^bTjfcmsaftjR^Mt: 

stx^-rs. ^btisf ©it in».i/i 

raitor0 .i £ie« • flflMSB 1 5 T-H-Jf bffiM LT* 

I i "~ I Beasnre. i — C I flare, i / ^ 

si 6±t^$fis„ 

[00 2 1] 3t^ai*©*§ SK^fcAoT 

©»«jB^#**«b&frft«&6&v>#* mn>>* 

"T 3 ©<£»*>•£)££> b < fcv>„ 
[0 0 2 2] *|«6«fcJ:5i:ltS*«Sl>***fc«>fc 
JR»«©tt!> 3fc«») 5*5bt«©»D 9fcH**b< 
tig^F* & < b«5£ C R t> *> & v^* * *#r Z> £ ^ *> <k 
d&^i:tt*54<, M£©#*C£b*T*:ti**U!> 

«& ©*&«**»«-*-*£ «Hfc«tt*» 

•5. 

[0023] 

[&$©$£] *«WfcJ;t>. KWij^firt©*©^ 



coo 1 9] m%i£mms<DmmzM%tz®ui. * 

[0 0 2 0] ^T-8$IS£;*T-s>T±©j?r;£&gi: 
T*«a»*F14#»£rsffl;&«**»eu MM 

1 5 fceBISb 1£ Iflare.i / I BonitorO. i t 

monitorO.i) * Iionitorl.i 

.... (j£2) 
[01] (a) ttSMtfr&ffl^fctJtWffiftfiEbfci: 
8©^3ISlft»5**ia*Cfc4. (b) »£lfi^©fr0# 

*isaia«i4qs-ria-e»5. (c) im^zmiE^x® 

[H2] *»IB*afflbfciWaS«*©J'X5 l AHt? 
[±5»»©»*©KW] 



1 • * 




2 • - 




3 • • 


•»!> 


4 • - 




5 - • 


•ttt) 


6 • • 




7 • * 


* ;\— 7 ^ — 


8 • - 


• U>X 


9 • • 


t«D 
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• * 1/>X 


1 1 • 




1 2 • 


• • Kit 5 -7— 


1 3 - 
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• -tttUS 


1 5 ■ 


• • «Btt - *» 


1 6 • 





